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Foreword
In fiscal years 1993 and 1994, Congress provided funds for natural gas utilization equipment, part of which was specifically designated for procurement of natural gas fuel cells for power generation at military installations. The purchase, installation, and ongoing monitoring of 30 fuel cells provided by these appropriations has come to be known as the "DoD Fuel Cell Demonstration Program." Additional funding was provided by: the Office of the Deputy Under Secretary of Defense for Industrial Affairs and Installations, ODUSD (IA&I)/HE&E; the Strategic Environmental Research and Development Program (SERDP); the Assistant Chief of Staff for Installation Management (ACSIM); the U.S. Army Center for Public Works (CPW); the Naval Facilities Engineering Service Center (NFESC); and Headquarters (HQ), Air Force Civil Engineer Support Agency (AFCESA).
This report documents work done at the Naval Hospital at the Marine Corps Base Camp Pendleton, Oceanside, CA. Special thanks is owed to the Naval Hospital at Camp Pendleton point of contact (POC), Jim Beesing, for providing investigators with access to needed information for this work. The work was performed by the Energy Branch (CF-E), of the Facilities Division (CF), Construction Engineering Research Laboratory (CERL). The CERL Principal Investigator was Michael J. Binder. Part of this work was performed by Science Applications International Corp. (SAIC), under Contract DACA88-94-D-0020, task orders 0002, 0006, 0007, 0010, and 0012). ....................................................................................................................................... 
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Introduction
Background Fuel cells generate electricity through an electrochemical process that combines hydrogen and oxygen to generate direct current (DC) electricity. Fuel cells are an environmentally clean, quiet, and a highly efficient method for generating electricity and heat from natural gas and other fuels. Air emissions from fuel cells are so low that several Air Quality Management Districts in the United States have exempted fuel cells from requiring operating permits. Today's natural gas-fueled fuel cell power plants operate at electrical conversion efficiencies of 40 to 50 percent; these efficiencies are predicted to climb to 50 to 60 percent in the near future. In fact, if the heat from the fuel cell process is used in a cogeneration system, efficiencies can exceed 85 percent. By comparison, current conventional coal-based technologies operate at efficiencies of 33 to 35 percent.
Phosphoric Acid Fuel Cells (PAFCs) are in the initial stages of commercialization. While PAFCs are not now economically competitive with other more conventional energy production technologies, current cost projections predict that PAFC systems will become economically competitive within the next few years as market demand increases.
Fuel cell technology has been found suitable for a growing number of applications. The National Aeronautics and Space Administration (NASA) has used fuel cells for many years as the primary power source for space missions and currently uses fuel cells in the Space Shuttle program. Private corporations have recently been working on various approaches for developing fuel cells for stationary applications in the utility, industrial, and commercial markets. Researchers at the U.S. Army Engineer Research and Development Center (ERDC), Construction Engineering Research Laboratory (CERL) have actively participated in the development and application of advanced fuel cell technology since fiscal year 1993 (FY93), and have successfully executed several research and demonstration work units with a total funding of approximately $55M.
As of November 1997, 30 commercially available fuel cell power plants and their thermal interfaces have been installed at DoD locations. CERL managed 29 of these installations. As a consequence, the Department of Defense (DoD) is the owner of the largest fleet of fuel cells worldwide. CERL researchers have developed a methodology for selecting and evaluating application sites, have supervised the design and installation of fuel cells, and have actively monitored the operation and maintenance of fuel cells, and compiled "lessons learned" for feedback to manufacturers. This accumulated expertise and experience has enabled CERL to lead in the advancement of fuel cell technology through major efforts such as the DoD Fuel Cell Demonstration, the Climate Change Fuel Cell Program, research and development efforts aimed at fuel cell product improvement and cost reduction, and conferences and symposiums dedicated to the advancement of fuel cell technology and commercialization.
This report presents an overview of the information collected at Naval Hospital -Marine Corps Base Camp Pendleton, CA along with a conceptual fuel cell installation layout and description of potential benefits the technology can provide at that location. Similar summaries of the site evaluation surveys for the remaining 28 sites where CERL has managed and continues to monitor fuel cell installation and operation are available in the companion volumes to this report ( Table 1 ).
Objective
The objective of this work was to evaluate Naval Hospital at Camp Pendleton as a potential location for a fuel cell application.
Approach
On 23 and 24 March 1995, Science Applications International Corporation (SAIC) visited Camp Pendleton Marine Corps Base (the Site) located in Oceanside, CA to investigate it as a potential location for a 200 kW phosphoric acid fuel cell. This report presents an overview of information collected at the Site along with a conceptual fuel cell installation layout and description of potential benefits. The Appendix to this report contains a copy of the site evaluation form filled out at the Site. A Naval hospital facility is located at Camp Pendleton. The hospital has 600 beds with an average occupancy of 125 patients. The hospital facility also receives up to 2,000 walk-in patients per day. The hospital is served by an 8,000 sq ft maintenance facility which houses two 35,000 lb/hr boilers, two 800-ton absorption chillers and two 4,500-gal domestic hot water tanks. No domestic hot water load profile data were available, but some make-up water log data and gas and electricity bills were provided. Figure 1 presents the facility layout for the hospital boiler plant (Building H-99). This figure shows the location of the boilers, absorption chillers and domestic hot water tanks (W.H. #1, #2). A cooling tower and electric transformer (west side) as well as a 1,600 kW backup generator (south side) are located in a fenced area outside the maintenance facility. Natural gas is located on the northwest end of the building. An existing cement pad is located in an open space area on the north side of the building across a service road. This cement pad, which has a natural gas supply line, is the former location of an incinerator.
Site Layout
Electrical System
The boiler plant has a 12 kV to 480V transformer (1,500 kVA) that serves the hospital and maintenance facility. The Navy hospital purchases electricity from Camp Pendleton, which purchases it from San Diego Gas & Electric. Camp Pendleton owns and maintains all the electric distribution lines on the base. 
Steam/Hot Water System
The Site has two Babcock & Wilcox 35,000 lb/hr boilers that were built in 1972.
The boilers are used to provide hot water and space heating to the hospital facility. Additionally, the boilers drive two 800-ton absorption chillers. Two 4,500gal domestic hot water tanks are located inside the maintenance facility. Currently, the tanks are used one at a time on an alternating weekly basis. Steam is used to keep the tank temperature at about 120 °F. A 10 gpm pump is used to circulate hot water continuously through the hospital. The temperature differential for this recirculating loop is 10 °F.
Space Heating System
The boilers provide steam to the hospital for space heating. Heat exchangers are located throughout the hospital. Heating normally occurs November through April.
Space Cooling System
Two 800-ton Trane absorption chillers are located in the boiler plant. The chillers operate throughout the year, depending on ambient conditions. During the winter months, only one unit operates when cooling is required (usually only during the daytime). During the summer, both units are generally required during the day and only one unit operates at night. Steam from the boilers is used to drive the absorption chillers and also for reheating purposes to control relative humidity in the hospital. The maintenance facility will be replacing the two existing absorption chillers in about two years. They plan to install one 800-ton direct fired absorption chiller and one 800-ton electric centrifugal chiller. This will significantly reduce the load on the steam boilers in the summer.
Fuel Cell Location
The proposed location for the fuel cell is an open area just north of the maintenance facility (Building H-99) (Figure 2 ). There is a liquid oxygen tank 60 ft to the west of this location (nothing can be sited within 50 ft of this tank). There is an underground electric feeder running between Building H-99 and the proposed fuel cell location. Caution must be taken when trenching across the service road to avoid the utility lines. It is proposed that the fuel cell be sited on the existing cement pad (Figure 1 ). The cement pad could either be "capped" or completely replaced with a new pad. There is a gas line coming up from underneath the pad at the north end that could also be utilized by the fuel cell. 
Fuel Cell Interfaces
The hospital boiler plant has a 12,000/480V transformer (1,500 kVA) which supplies electricity to the hospital and maintenance facility. The fuel cell will be connected to the 480V breaker panel on the outside west wall of Building H-99.
All of the fuel cell electrical output is expected to be utilized at the hospital maintenance facility and hospital. The fuel cell grid-isolated capability will not be used.
Potential thermal loads for the fuel cell heat include pre-heating the boiler make-up water, domestic hot water (DHW) make-up and DHW recirculating losses. Log data showed that the make-up water requirements for the boilers were only 300 to 400 gal per day (0.28 gal/minute). This load is very small and was eliminated from consideration. The DHW load was estimated based on three methods: (1) measured water usage at the maintenance facility; (2) standard ASHRAE calculations; and (3) gas consumption data.
DHW heating load estimated from measured water usage data:
To determine DHW make-up load, the cooling tower water and water softener water log data were subtracted from the total water usage for the facility. Only 4 months of data were provided (Table 2 ). The estimated heating load for the DHW make-up assuming a 60 °F average inlet water temperature is:
(1,950,000 gal/2928 hr) * 8.35 lb/gal * 1 Btu/lb-°F * (120-60 °F) = 333.6 kBtu/hr
The DHW recirculating loss load, assuming a 10 °F temperature differential, was calculated as follows: In addition to the 125 bed occupancy average, the hospital also receives about 2,000 walk-in patients per day. This would increase the Site DHW load. Accounting for the walk-in patient load, the ASHRAE calculation supports the DHW load estimate based on the water log data.
3.) DHW heating load estimated from hospital gas consumption data. The predominant applications for boiler steam at the maintenance facility are the absorption chillers and DHW tanks. Site personnel provided estimates of average air-conditioning loads for an average year. Note that these estimates are based on plant personnel experience and are not based on recorded log data. Table 3 lists the estimated air-conditioning loading and calculated ton-hr. Although the actual ton-hr and chiller C.O.P. could be different, thus reducing the amount of gas remaining for DHW, this method of estimation indicates that the DHW load could be large enough to use all of the fuel cell heat. Therefore, based on the available data and the three methods of estimating the DHW heating load, the fuel cell thermal utilization is estimated to be between 55 and 100 percent. Figure 3 shows the recommended thermal interface. The fuel cell should be tied into the DHW recirculation return line. The make-up water should be fed directly into the fuel cell. An additional 20 gpm pump should be added to the fuel cell thermal loop. This will provide sufficient flow through the fuel cell and preferentially pull the make-up water through the fuel cell without restricting the flow during periods of high demand. One or both 4,500-gal DHW tanks can be used with this scenario. If both tanks are used in parallel, the storage capacity would be doubled. This may be beneficial if it is found that the fuel cell does not meet the entire DHW load during high demand periods. 
Economic Analysis
The Site is located in San Diego Gas & Electric's (SDG&E) service territory. The Naval hospital purchases electricity from the Marine Corps base at a flat rate of 8 cents/kWh (this includes an administrative handling fee for Camp Pendleton). Table 4 lists the Site provided electric billing data for the period October 1993 through September 1994. During this period, the Naval hospital consumed 8,856,000 kWh and paid $708,480.
The Naval hospital purchases natural gas directly from SDG&E under rate schedule HNFM. Table 5 lists 12 months of natural gas consumption and cost data for the hospital between December 1993 and January 1995 (2 months of data were not provided). The average gas cost is $0.315/therm and ranged from $0.263/therm in October 1994 to $0.373/therm in December 1993. The hospital uses more natural gas in the summer than in the winter because airconditioning is generated by an absorption chiller system. Table 6 lists the results for three fuel cell energy savings scenarios. Since utilization of the fuel cell thermal output had to be estimated, the following scenarios were evaluated: maximum thermal utilization (100 percent), estimated midpoint thermal utilization (77.5 percent) and estimated minimum thermal utilization (55 percent). This analysis is meant to give a general overview of the economics. For the first 5 years, ONSI will be responsible for the fuel cell maintenance. Maintenance costs are not reflected in this analysis, but could represent a significant impact on net energy savings. Since load profile data were not available, energy savings could vary depending on actual electrical and thermal utilization.
Conclusions and Recommendations
The Naval hospital maintenance facility at Camp Pendleton represents a good application for a 200 kW phosphoric acid fuel cell. Net first year savings from the fuel cell range from $91,802 to $102,232, depending on the fuel cell thermal utilization. The electric rate paid by the Site (8 cents/kWh) is very attractive for the fuel cell.
The thermal interface should be tied into the recirculation return line, bringing the make-up water directly into the line interfacing with the fuel cell. A 20 gpm pump should be added and will allow both 4,500-gal DHW tanks to be run in parallel, thus doubling the storage capacity of the system. The fuel cell should be located on the north side of the maintenance facility. An existing concrete pad can be used to help reduce costs of the installation. 
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